Arterial pressure, cardiac output, and total peripheral resistance were compared between spontaneously hypertensive rats (SHR) and normotensive control rats (NCR) at 4, 7, and 12 months of age. The rats were anesthetized with pentobarbital sodium, thoracotomized and kept under positive pressure respiration. Cardiac output was measured with an electromagnetic flowmeter probe placed at the ascending aorta. On all the age groups, arterial pressure and total peripheral resistance were significantly higher in SHR than in NCR, while cardiac output per body weight was not different. However, the significant differences in pressure and resistance at each age disappeared after ganglion blockade with hexamethonium bromide. Total peripheral resistance was not higher in SHR than in NCR even after cardiac output, which had once been diminished by blockade, was restored to the preblockade level by dextran infusion. Phenoxybenzamine, an alpha adrenergic receptor blocker, also equalized arterial pressure and total peripheral resistance between SHR and NCR, both aged about 10 months, without decrease in cardiac output. It is concluded that, in both young and old SHR's, the hypertensive state is maintained by an increase in total peripheral resistance ascribable to sympathetic activity.
(4-month-old) spontaneously hypertensive rats (SHR) and compared them with those in normotensive control rats (NCR) of the same age .1),2) In this early stage of SHR hypertension, the high level of arterial pressure was maintained by an increase in total peripheral resistance due to elevated sympathetic tone: Either ganglion blockade or alpha-receptor blockade equalized both arterial pressure and total peripheral resistance between SHR and NCR . An On the other hand Folkow et al6) observed, by perfusing the rat's whole body from the aortic root with a plasma substitute, that the resistance to flow in the maximally dilated systemic vascular bed was elevated in older SHR, aged 7 months or more. This result suggests the presence of a non-nervous, structurally based increase in vascular resistance in these animals.
Therefore, in the present study, the same hemodynamic measurements that we previously employed for 4-month-old rats were carried out in older rats Cardiac output per body weight was not significantly different between SHR and NCR, both before and after ganglion blockade, in all the age groups.
Similar to arterial pressure, total peripheral resistance increased from 4 months of age to 7 months in SHR (P<0.001). However, the increase in total peripheral resistance with age was not significant in NCR (P>0.10). Different from arterial pressure, total peripheral resistance did not decrease with hexamethonium administration. Presumably this was due to the marked decrease in cardiac output on ganglion blockade. Before the blockade, total peripheral resistance was significantly higher in SHR than in NCR at each age (P<0.005, 0.001, and 0.005 for 4, 7, and 12-month-old groups, respectively). After ganglion blockade the significant difference between SHR and NCR disappeared, though the mean value was still slightly higher in SHR than NCR for all the age groups (P>0.10 for 4 and 7-month-old groups and P>0.50 for 12-month-old group). Total peripheral resistance after ganglion blockade increased from 4 months of age to 7 months in both SHR and NCR (each P<0.005).
After ganglion blockade, the mean total peripheral resistance of SHR was higher than that of NCR for all the groups, though the difference was insig- Heart rate was significantly higher in SHR than in NCR before ganglion blockade at each age (P<0.05, 0.001, and 0.005 for 4, 7, and 12-month-old groups, respectively).
The difference disappeared after ganglion blockade except in the age group of 12-month-old, in which the heart rate was still significantly (P<0.05) higher in SHR than in NCR. On the whole, heart rate tended to decrease with age and was especially low in 12-month-old rats after ganglion blockade.
Total peripheral resistance after ganglion blockade when cardiac output was restored by dextran infusion Since ganglion blocking with hexamethonium bromide greatly decreased cardiac output, considering the non-linear relationship between cardiac output and arterial pressure, the condition after this treatment might not be appropriate for assessing the vascular difference between SHR and NCR by comparing total peripheral resistance. Therefore, cardiac output was restored by intravenously infusing a plasma substitute, dextran solution. Arterial pressure corresponding to the original pre-blockade cardiac output was obtained by the procedure described under METHODS. Total peripheral resistance after ganglion blockade with cardiac output restored to the original pre-blockade value was thus calculated. 
Fig. 2. Effect of varying cumulative doses of phenoxybenzamine on hemodynamic parameters of SHR (filled circles) and NCR (open circles).
Each mean from 6 rats with SEM.
peripheral resistance after hexamethonium with restored cardiac output by dextran infusion was not different between SHR and NCR at 4 months of age, while it was even larger in NCR than in SHR at 12 months of age (P<0.05).
Effect of alpha-receptor blockade in old rats Effect of varying cumulative doses of phenoxybenzamine on hemodynamic parameters of SHR and NCR, both about 10-month-old, are plotted in Fig. 2 . As in younger (4 to 5-month-old) rats,2) arterial pressure and total peripheral resistance gradually decreased with increasing dose of this drug. The decreases were more marked in SHR and the differences in these parameters between SHR and NCR were gradually diminished and finally became statistically insignificant. Cardiac output was not decreased but slightly increased on administration of phenoxybenzamine. The apparent difference in the figure in cardiac output between SHR and NCR was statistically insignificant.
DISCUSSION
In older SHR's as in younger (4-month-old) ones,1) the hypertensive state is ascribable to an increase in total peripheral resistance with normal cardiac ouptut.
This finding is consistent with that by Pfeffer and Frohlich9) who used ether as an anesthetic.
However, they observed an increase in cardiac output with normal total peripheral resistance in very young SHR's (9 to 12-week-old). Such young animals were not examined in this study. Though cardiac output is considerably greater under ether than under pentobarbital anesthesia, relative differences of arterial pressure and total peripheral resistance between SHR and NCR are alike.
The mean value of total peripheral resistance after ganglion blockade in SHR was slightly higher than that in NCR. However, the difference was statistically insignificant for all the age groups. Even a paired t-test could not indicate a significant difference. The marked decrease in cardiac output on administration of hexamethonium might have provided an experimental condition under which mere comparison of total peripheral resistance would not reflect a difference in vascular resistance.
Therefore, cardiac output was restored by intravenously infusing the dextran solution.
Even after this procedure, there was no difference in total peripheral resistance between SHR and NCR at 4 months of age. At 12 months of age, the total peripheral resistance was significantly (P<0.05) higher not in SHR but in NCR. Though the reason for this unexpected result is not clear, it is certain that total peripheral resistance is no longer higher in SHR after ganglion blockade even with cardiac output restored to the pre-blockade value. 
